We investigate the temporal behaviour of the axial component of the electromagnetic core-mantle coupling torque that is associated with the poloidal part of the geomagnetic field observable at the Earth surface. For its computation, we use different models of the geomagnetic field, expanded into spherical harmonics (Wardinski and Holme, 2006; Sabaka et al., 2004), and the mantle conductivity. The geomagnetic field, which we have to know at the core-mantle boundary for the associated computations, will be inferred from the field at the Earth surface by the non-harmonic field continuation through a conducting mantle shell. The aims of this investigation are (i) to check how sensitive is the computation of the torque with respect to the different geomagnetic field models, (ii) to check its dependence on the spherical harmonic degree n, and (iii) to determine the difference between the mechanical torque derived from the observed length-of-day variations (atmospheric influence subtracted) and the poloidal electromagnetic torque in dependence on the assumed conductivity. To use the non-harmonic field continuation for the torque calculation and to obtain an insight into the influence of the different geomagnetic field models on the EM torques are the major aspects of this paper.
INTRODUCTION
The observed decadal variations of the length of day (∆LOD) are usually attributed to the exchange of angular momentum between the fluid core and solid mantle. This has been concluded from the observed correlations between geomagnetic variations and ∆ LOD, and from the small effect of surface processes on this time scale (e.g. GreinerMai and Jochmann (1998) show that the atmosphere can only be responsible for 14 % of decadal ∆LOD). Since several decades, various core-mantle coupling processes have been probed to explain ∆LOD, from which the electromagnetic (EM) coupling (e.g. Rochester, 1960; Roberts, 1972; Stix and Roberts, 1984; Greiner-Mai, 1987 , 1993 Holme, 1998a,b) is partially re-examined in this paper. The EM torques can reach orders of magnitude, which are sufficient to explain ∆ LOD if the assumed mantle conductivity, respective conductance, is sufficiently high. EM torques are produced by two processes: (i) temporal variations of the geomagnetic field induce electric currents in the conducting part of the mantle, and (ii) currents produced in the core leak into the mantle. The currents in the mantle produce a Lorentz force on it by their interaction with the geomagnetic field.
To calculate the EM coupling torques, it is necessary to know the electric conductivity, σ M , of the mantle, and the geomagnetic field within it. In Section 3 we will show that the torque computation can be reduced to an integration over the coremantle boundary (CMB). This means that we finally must know the geomagnetic field at the CMB. Because a non-zero conductivity is a precondition for the existence of electric currents, we have to determine the geomagnetic field at the CMB from its observed values at the Earth's surface by a solution of the induction equation of the mantle. Recently, Ballani et al. (2002) developed an algorithm for a rigorous inversion of the mantle induction equation to obtain the poloidal geomagnetic field at the CMB, and checked this method also for highly conducting core shells. In this paper, we use this so-called non-harmonic downward continuation (NHDC) instead of the perturbation method of Benton and Whaler (1983) generally used before. This is one of the motivations to re-calculate axial EM torques. The application of the NHDC and the formalism in its background (see Section 2 and 3) has another advantage. We do not need in addition to the geomagnetic field at the CMB the related time derivations for the calculation of the EM torque. The computation of the time derivatives would be associated with additional uncertainties.
In previous investigations of the EM coupling, it has been implied that the calculated torques are mainly determined by the low degrees n of the spherical harmonic (SH) expansions of the geomagnetic field at any time and are not sensitive to the available geomagnetic models. The existence of two new satellite supported highly resolved geomagnetic field models (Wardinski and Holme, 2006; Sabaka et al., 2004) for the period 1980 to 2000 gives us the possibility, to investigate the dependence of the torque on the geomagnetic field models and on the SH degree n of this models, respectively. This is the second motivation for the investigations in this paper. A first check of this dependence was given by Stix (1982) for the example of a field model of the year
